During the process of oogenesis, oocytes of many animal species undergo meiotic arrest prior to the completion of chromosomal reduction, and it is in this state that they undergo tremendous growth. The length of time that oocytes remain in this arrested state and the nature of the stimulus that reinitiates meiosis are species dependent (1-3).
benzene was used to determine the specific activity of the oocyte's free methionine pool. It was found that the absolute rate of protein synthesis decreased from 43 to 31 pg/hr per oocyte during meiotic progression from dictyate to metaphase II (meiotic maturation), while the size of the intracellular free methionine pool decreased from 61 to 35 fmol per oocyte during the same period. Comparable measurements made on ovulated mouse oocytes that had undergone meiotic maturation in vivo strongly suggest that the decrease in the absolute rate of protein synthesis observed during meiotic maturation in vitro is physiologically significant. An alternative method that depends upon differential expansion of the oocyte's endogenous methionine pool was also used to determine absolute rates of protein synthesis. The results of these experiments are in excellent agreement with those obtained by using fluorodinitro[3H]benzene, indicating that the oocyte's free methionine pool is not compartmentalized.
During the process of oogenesis, oocytes of many animal species undergo meiotic arrest prior to the completion of chromosomal reduction, and it is in this state that they undergo tremendous growth. The length of time that oocytes remain in this arrested state and the nature of the stimulus that reinitiates meiosis are species dependent (1) (2) (3) .
In the mouse, nearly all oocytes have arrested at the diplotene ("dictyate") stage of prophase of the first meiotic division by 5 days post partum, and they remain in dictyate until just prior to ovulation, a period extending from several weeks to more than a year. The resumption of meiosis can be mediated by a hormonal stimulus in vivo (4) or by the release of oocytes from their ovarian follicles into a suitable culture medium (5) (6) (7) (8) . The oocytes undergo nuclear progression from dictyate to metaphase II and remain at this stage of meiosis in the oviduct, or in culture, until fertilization or parthenogenetic activation takes place. The period of time during which meiosis progresses from dictyate to metaphase II is termed the period of "meiotic maturation." The process of meiotic maturation is characterized by dissolution of the nuclear membrane (germinal vesicle breakdown), condensation of diffuse chromatin into distinct bivalents, separation of homologous chromosomes and emission of the first polar body, and arrest at metaphase II. Mouse oocytes matured and fertilized in vitro have developed into viable fetuses following transplantation to the uteri of foster mothers (9) .
Recently, we described the results of experiments that employed high-resolution two-dimensional electrophoresis to examine protein synthesis during meiotic maturation of mouse oocytes in vitro (10) . These experiments showed that the pattern of protein synthesis changed markedly during this period of oogenesis and that virtually all of the changes observed took place subsequent to breakdown of the oocyte's germinal vesicle (GV). We also found that nearly all of the changes in the pattern of protein synthesis took place in anucleate oocyte fragments during culture in vitro, suggesting that concomitant transcription of the nuclear genome is not necessary to initiate these changes (11) .
In this report we describe the results of experiments designed to determine whether the absolute rate of protein synthesis changes during meiotic maturation of mouse oocytes in vitro. Because a change in the incorporation of a radioactively labeled amino acid into protein cannot be interpreted as a change in the absolute rate of protein synthesis unless the specific activity of the amino acid pool is known, we have measured the sizes and specific activities of the free methionine pools in mouse oocytes during meiotic maturation in vitro. The rates of incorporation of [a`SImethionine into acid-precipitable material have also been determined throughout meiotic maturation and converted into absolute rates of protein synthesis. We have also carried out experiments to determine whether the total, or some fraction of the total, intracellular free methionine pool of mouse oocytes serves as a precursor for protein synthesis. While the absolute rate of protein synthesis has been reported for ovulated mouse eggs (12) , we know of no previous report of such measurements made throughout the period of meiotic maturation. These results are compared with those reported for oocytes obtained from nonmammalian animal species.
MATERIALS AND METHODS
Collection and Culture of Mouse Oocytes. Fully grown oocytes were obtained from adult (6-12 weeks of age), randomly bred, female Swiss albino mice (CD-1, Charles River Labs) by puncturing isolated ovaries with fine steel needles under a dissectinxg microscope (13) . Oocytes containing an intact GV and free of cumulus cells were harvested with a mouthoperated micropipet and washed in culture medium (14) containing N6,02'-dibutyryladenosine 3':5'-cyclic monophosphate (Bt2cAMP)(Sigma) at 100.,g/ml (15, 16 5 hr, 5-10 oocytes were removed from each group, washed extensively with fresh medium, transferred to a Microfuge tube, and frozen and thawed four times. Twenty microliters of bovine serum albumin (1 Mg/Ml) was added to each sample, followed by 20,Ml of ice-cold 10% trichloroacetic acid, and the samples were placed on ice for 10 min. Samples were centrifuged at 13,000 X g for 5 min, the supernatants were collected, and pellets were washed with ice-cold 5% trichloroacetic acid. Supernatants and washes were combined for each sample and assayed by liquid scintillation counting in 10 ml of 0.6% diphenyloxazole/0.2% Biosolv (Beckman) in toluene at 75% efficiency. Pellets were dissolved in 1 M NaOH (20 Mil) for 1 hr at 37°, acidified with 1 M HCO (50 Ml), and assayed by liquid scintillation counting in 5 ml of Aquasol (New England Nuclear) at 69% efficiency.
Amino Acid Analysis of Total Oocyte Proteins. Oocytes were collected, washed extensively in phosphate-buffered saline containing polyvinylpyrrolidone-40 (3 mg/ml), transferred to a microfuge tube, and frozen and thawed four times. Ten micrograms of polyvinylpyrrolidone-40 (2 ,l) was added, protein was precipitated with 20 ,l of ice-cold 10% trichloroacetic acid, and the precipitate was recovered by centrifugation and washed with 10% trichloroacetic acid. The sample was then dried under reduced pressure, hydrolyzed in 100 Ml of 6 M HCO for 4 hr at 145°, dried once again, and applied to a Beckman 121M amino acid analyzer in 0.063 M citrate buffer, pH 2.2. To determine total methionine as methionine sulfone, the trichloroacetic acid-precipitated protein was oxidized with 25 ,l of performic acid for 5 hr (18) , and the reaction was terminated with 3.7 Ml of HBr. The sample was dried under reduced pressure, hydrolyzed, and applied to the amino acid analyzer as described above.
Analysis of 3s5SLabeled Amino Acids in Total Oocyte Proteins. To determine whether all of the '5S incorporated into mouse oocyte proteins was present in methionine, or whether some had been metabolized to cysteine, oocytes were cultured for 2.5 and 5.0 hr as described above. Acid-insoluble material was obtained from about 50 oocytes as described above and oxidized with 25 ,l of performic acid for 6 hr (18) the absolute rates of protein synthesis reported above were calculated using specific activities for total free methionine pools ([3H]FDNB method), these rates would be subject to serious error if a smaller compartment of the pool (i.e., "kinetic pool") actually served as precursor for protein synthesis. To examine this possibility, a method analogous to that described by Ecker (21) was employed. This method for determining absolute rates of protein synthesis depends upon differential expansion of a cell's amino acid pool, such that apparent rates of incorporation are altered while absolute rates remain the same. Consequently, absolute rates of protein synthesis and sizes of intracellular free methione pools may be calculated by solving the following pair of simultaneous equations: dI1/dt=R X SA1 = R X L1/(P + G1) dI2/dt = R X SA2 = R X L2/(P + G2), methionine concentrations, G1 and G2 are the fmol of methionine taken up by the oocytes at two different methionine concentrations, P is the size of the active endogenous free methionine pool, and R is the absolute rate of protein synthesis. We have applied this method over a 100-fold range of methionine concentrations in the medium (0.1-10 ,ug/ml) and found that R remained constant, even though the intracellular free methionine pool was expanded as much as 5-fold (Table 3) . The rates of protein synthesis and sizes of free methionine pools determined by this kinetic method were in excellent agreement with those determined by the [3H]FDNB method (Table 1) .
These results strongly suggest that the total intracellular free methionine pool serves as precursor for protein synthesis in mouse oocytes. Proc. Natl. Acad. Sci. USA 75 (1978) (dpm/mol) in the amino acid pool, was used to calculate R, the moles of Met incorporated into protein/hr per oocyte. For example, using the data shown in Fig. 1 , dI/dt = 158 dpm/hr per oocyte and SA was determined by the FDNB method, using oocytes taken from culture at 2. (22) (23) (24) .
In order to evaluate the contribution of the oocyte to the progress of early embryogenesis in the mammal, we Table 3 .
To determine absolute rates of protein synthesis it is necessary to know the specific activity of the true precursor pool; in essence, this requires the determination of the specific activity of aminoacyl-tRNA. While this is not feasible with mouse oocytes, due to limited amounts of material, the coupled [3H]FDNB and kinetic approach taken in this report circumvents this problem. The results presented here indicate that the sizes of the total endogenous free methionine pool and the kinetic free methionine pool used for protein synthesis are the same. Therefore, the free methionine pool of the mouse oocyte is not compartmentalized. This is in contrast to the situation in amphibian oocytes, in which amino acids are apparently compartmentalized to various degrees (3, 21; R. J. Shih, reported on p. 91 of ref. 22) .
The decrease in the size of the oocyte's free methionine pool during meiotic maturation in vitro probably represents a culture artifact, because oocytes matured in vivo did not show this decrease. Once again, mouse and amphibian oocytes behave differently, because meiotic maturation of amphibian oocytes is accompanied by large increases in the sizes of their amino acid pools (29) .
The experiments described in this report demonstrate that, with the advent of microtechniques and the availability of radiolabeled compounds of high specific activities, quantitative biochemical studies of mammalian oogenesis are feasible. In addition to the measurements reported here, we have been able to determine the absolute rates of synthesis of several specific proteins during oogenesis in the mouse using the methodology described (unpublished data). We feel that the differences noted here between meiotic maturation of mammalian and nonmammahan oocytes underscore the potential problems that may be encountered in extrapolating the results of experiments on lower species to mammals.
